The problem of detecting the ability of some metal oxides as photocatalysts is receiving considerable attention in the world. The studied ZnO is considered as one of the most utilized semiconductors, due to its direct band gap of 3.37 eV and a large exciton binding energy of 60 meV at room temperature. The characteristic formulation of Cu -doped ZnO is implemented to obtain an improved adsorption kinetics and photocatalytic activity of ZnO photocatalyst capable of evolving estimated photoluminescence (PL) spectra of ZnO nanoparticles to explore the effect of Cu-doping and annealing temperature on its optical properties. using Sol -gel spin coating technique, Zinc oxide and copper doped zinc oxide thin films were deposited on borosilicate substrate and all films was annealed at 500 C for 5-hours. Optical properties of the films have been studied using spectrophotometer in the wavelength range 300-800nm and structure of ZnO films is investigated and included reported, also the effect of the doping concentration of Copper. Further the characteristic formulation to treat the photocatalytic performance of pure ZnO and Cu -Doped ZnO samples were investigated through the degradation of Malachite Green (MG), as a model of organic pollutants, under UV light irradiation. Mainly, these films exhibited a good transparency in the visible region. It was observed that when the doping concentration increased, the transmittance also increased. All the prepared catalysts mainly showed two emission regions: a sharp peak in the ultraviolet region and another broad peak in the visible region. The photocatalytic activity was achieved by the degradation of malachite green (MG) aqueous solution under UV irradiation. The findings showed that the increased annealing of Cu doped ZnO with CuO on the surface resulted in highly improved photocatalytic activity. In summary, catalysts activity was influenced by both Cu different ratio loading on ZnO and annealing temperature. The effect of nitrogen and electron beam irradiation on the electrical properties of films. Films of 3 mm were exposed to a charged (ion/electron) beam for different treatment times (20, 40, and 80 minutes); the beam was produced from a dual beam source using nitrogen gas with the other ion/electron source parameters optimized. The real ( ) and imaginary ( ) parts of the dielectric constant decreased with frequency for all irradiated and non-irradiated samples. The AC conductivity showed an increase with frequency for all samples under the influence of both ion and electron irradiation for different times.
I. INTRODUCTION 1
Zinc oxide (ZnO) is a highly good material for many varieties of applications due to its minimal fabrication cost, environmentally friendly, compatibility and simple fabrication process. ZnO crystallizes in a hexagonal wurtzite structure [1] . with wide direct band gap [2] and potent exciting binding energy of 60 meV [3] . doping ZnO with a transition metal such as Cu [4] has been verified as an effective method to adjust its functionality including electrical and optical properties Cu-doped ZnO has shown significantly improved properties such as electrical, magnetic, photocatalytic performance and gas sensing properties. In practice, ZnO-based thin films can be grown by diverse growth techniques including radio frequency magnetron sputtering (RFMS), pulsed laser deposition (PLD), laser molecular beam epitaxy (P-MBE) [5] , spray pyrolysis [6] , metal organic chemical vapour deposition (MOCVD) [7] , and sol-gel spin coating method [8] . Among these methods, spin coating can provide the ease of chemical composition of doping, which is an advantage over the others. Radiation handling of polymer materials lid undergoing polymers to irradiation, generally in a continuous mode, to modify the polymers to better their characteristics for industrial purposes. Radiation handling of polymers is a non-power application and at most consists of cross linking, curing, grafting, and degradation. Ion beam irradiation is a well decided tool for the modification of polymer surfaces, useful for controlled changes of a variety of characteristics, like chemical reactivity, hardness, wear [9] [10] [11] and electron beam effects on polymers [12] have obtained significance in recent years, in view of the probable applications, such as in surface science. Electron beam irradiation is a based agent for modifying the chemical structure and physical characteristics of a polymer's surface, such as adhesion, friction, wetting, swelling, dielectric characteristics, and biological compatibility [13] . In this study, the structural and optical properties of the Cu-doped ZnO(CZO) thin films prepared by sol-gel spin coating were investigated. Films of 3 mm were exposed to a charged (ion/electron) beam for different treatment times (20, 40 , and 80 minutes). The dielectric loss tangent tan δ , electrical conductivity σ , and dielectric constant in the frequency range 100 Hz-100 kHz were measured at room temperature. The variation of dielectric constant and loss tangent as a function of frequency was also studied at room temperature. diethanal amine (DEA) were selected as the solvent (0.5 M, 100 mL) and sol stabilizer, respectively. The prepared mixture was vigorously stirred at 100 °C for 5 h by magnetic stirrer and cooled to room temperature for 24 h.
II. MATERIAL AND METHODS

A. Research duration, period and location of study
The precursors prepared at different copper concentration of 2-20 wt.% were spin-coated on borosilicate substrates at room temperature with speed of 3000 rpm for 30 s. After repeating the coating procedure 6-times, all coated films were annealed at various temperatures ranging from 550 0 C for 3 h in ambient air.
2. Synthesis of pure ZnO and Cu-doped ZnO nanoparticles A certain amount of zinc acetate dihydrate was dissolved in 75 mL of methanol, after stirring for 50 min, an appropriate amount of copper nitrate trihydrate with a certain molar ratio Cu/Zn was also added and the mixture was stirred for 50 min. Further, an amount of double distilled water solution (50 mL) of tartaric acid was added dropwise to the previous mixture. The gel formed rapidly [10 minutes] at room temperature under vigorous magnetic stirring and 3 dried at 100°C for 10 h. Subsequently, the dry gel was first grinded and annealed at 550°C for 1 h. The pure ZnO nanomaterial was synthesized following the same procedure without adding copper nitrate trihydrate.
D. Irradiation
Different concentrations (2, 4, and 6 g) were dissolved to obtain uniform and homogenous surfaces. It was found that, the best films are 0.03 and 0.05 g/ml ones. After preparing the film, it was exposed to different treatment times (10, 25, and 40 minutes) from a dual ion/electron beam source with low energy using nitrogen gas. The electrical properties of the polymer samples were investigated at room temperature by using a system [14] . DSP Dual Phase Lock-In Amplifier used to obtain the dual beam with nitrogen and consequently irradiate the film surface. In case of the ion source, the anode was connected to the positive polarity of the power supply, while, in case of the electron source, the anode was connected to the negative polarity and the cathode was earthed. The system was evacuated up to about mbar to remove the residual gases before gas injection into the source.
The ion/electron fluence was estimated by time of irradiation and beam current as [17] :
Where I is the ion current (A), Q the total charge, D the dose (ion fluence in ion/cm 2 × area) of irradiation in cm 2 , q the charge state, e the electron charge (1.6 × 10 − 19 C), and t the irradiation time in s.
The conductivity can be expressed according to [18] :
Where σdc (0) is the DC conductivity, σac(ω) is the AC conductivity, and ω is the frequency.
The dielectric constant (έ) measurements were carried out in a frequency range from 100 Hz to 100 kHz at room temperature.
The dielectric constant was determined from the formula: [16] where c is the capacitance in Farad, d is the thickness of the sample in m, A is the cross-sectional area, ε0 is the constant of permittivity of free space, and is the phase angle.
Electrical measurements were carried out on the film samples in the form of a disc with polished surfaces covered by silver paste and with dimensions of 1 cm in diameter and 3 mm in thickness:
Where δ is the loss angle, f is the frequency, Rp is the equivalent parallel resistance, and Cp is the equivalent parallel capacitance.
The dielectric loss was also measured in terms of the tangent loss factor (tan δ) , defined by the relation:
E. Materials characterization The morphology of the nanopowder samples was examined using a scanning electron microscope. The samples were previously oven dried and coated with a thin film of gold to provide ZnO powder surface with electrical conduction.
The composition and average size of nanoparticles were determined by the powder X-ray diffraction patterns, the samples were recorded by a diffractometer Bruker D8 -Advance, measurements were performed to identify the structural properties and crystalline behavior of the films F. Determination of heterogeneous photocatalytic activity The photoactivity of purely prepared ZnO and Cu-doped ZnO were examined using (MG) dye as a pollutant and all experiments were carried out in a Pyrex photoreactor under U.V irradiation. After achieving adsorption equilibrium in the dark, the solution was illuminated for photocatalytic kinetic study: The samples of the MG solution were taken after different irradiation times and were analyzed using UV-visible spectroscopy at a wavelength max=618 nm.
Using the Beer-Lambert law, the absorption measurement was converted to concentration. The photocatalytic degradation efficiency was calculated using the following equation:
Where C0 is the [MG] initial concentration, and Ct is the
[MG] concentration at time t.
III. RESULTS AND DISCUSSION
Scanning electron microscopy image (SEM)
The SEM micrographs of pure ZnO and Cu -ZnO annealed at 550 0 C was shown in Fig.1 . The particles of the obtained powder were spherical in shape. 
Characterization of the prepared catalysts by X-ray diffraction (XRD)
In the X-ray diffraction patterns of ZnO and 20 wt.% Cu doped ZnO films with various coating repetitions. The patterns were shown in Fig. 2 a, b corresponds to three main diffraction peaks of crystallized ZnO, namely (100), (002) and (101) 
Where, D is the grain diameter, K is the shape factor, λ is the X-ray wavelength of Cu Kα (0.154 nm), is the fullwidth at half maximum (FWHM) and θ is the Bragg angle [20] . Sharma et al. [21] , in their study on Mn-doped ZnO, reported similar observations.
The annealing temperature (TC) effect was observed on both intensities of XRD peaks and lattice parameters as shown in Fig. 2 . The principal peak (101) intensity increased with increase in TC, and the shape of this peak became narrower, indicating an increase in particle size. On the other hand, the effect of TC on the lattice parameters showed the shift of the peak at 2h = 36.11, which increased from TC = 250-450 C and then decreased to TC = 550 C (Fig. 3) . For Cu -ZnO nanoparticles, the particle size seems to be dependent on the annealing temperature. It varied from 15.86 to 24.25 nm when the annealing temperature was in the range of 250 0 -550 0 C. The increase in the particle size with the annealing temperature ( Fig. 3) , may be due to the agglomeration of the particles. The increase in the particle size with the annealing temperature as shown in Fig. 3 . 
Fourier transform infrared studies (FTIR)
The chemical bonding and formation of wurtzite structure in ZnO (pure) and Cu-doped ZnO were confirmed by FTIR measurements at room temperature.
The spectra are shown in Fig. 4 
Characterization of pure ZnO and Cu -ZnO by Photocatalytic degradation of Malachite Green
The photocatalytic performances of pure ZnO and Cu- This clearly demonstrates that photocatalytic activity depends on the annealing temperature rather than particles size and surface area. Similarly, it was shown that the photocatalytic activity of a catalyst is related to its microstructure, such as crystal plane, crystallinity, surface properties, BET specific surface area [25] . In this study, the increase in photocatalytic activity of Cu -ZnO TC = 550 C may be attributed to the good crystallinity and oxygen defects as reported for pure ZnO [26] . However, the 
Optical Properties
The optical transmission spectra of all samples in the visible region is a very important factor in many applications. So, measured at room temperature are illustrated in Fig. 7 . All transmission spectra indicate sharp absorption edge. 
Where Eg is the optical band gap energy, A is a constant having values between:
, hv is a photon energy, α is an absorption coefficient.
when Cu composition increases, the transmission spectrum exhibits an obvious blue shift in absorption edge of an optical band gap of the film and better transparency within a visible region with more than 90-100% in its transparency.
The band gap of the CZO can be varied from 3.17 to 3.36 eV by varying Cu content meanwhile band gap of the CZO can be increased to 3.36 eV by varying Cu content up to 20 % as shown in Fig.8 . 
Photoluminescence
The technique of photoluminescence excitation has become a standard one for obtaining information on the nanostructures. The photoluminescence excitation technique involves scanning the frequency of the excitation signal and recording the emission within a very narrow spectral range.
In this study, the photoluminescence (PL) spectra of ZnO nanoparticles were determined to explore the effect of Cudoping and annealing temperature on its optical properties. 
Electrical properties of irradiated film
The films samples were treated by N2 ions for various handling times (20, Fig. 1(b) ), but with a higher effect than for the electron beam. ) against log ω for all irradiated and non-irradiated samples with electron and ion beams at room temperature (Fig. 12(b) ). 
IV. CONCLUSION
One of the more significant findings to emerge from this study is that the structural and optical properties of Cu The decrease in surface conductivity on (ion /electron) irradiation in film samples is attributed to a decrease in the mobility of macromolecular charged species due to an increase in the degree of crystallinity. Also, electric conductivity increases approximately linearly with increasing frequency, as seen for both electron and ion beam irradiation with different doses, but with a higher effect for ions than for electrons.
